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Apparatus for the Separation of Solid and Liquid Particles

from a Gas-stream with the Aid of Some Radioactive Ionisers

The object of the invention is an apparatus fbr the electrostatic
separation of solid and liquid particles from a continuous current of
gas. The gas stream which I to be purified is exposed to radioactive
radiatlon sources for the Ionisation of the streaming gas molecules#
which in turn electrically charge the solid and liquid particles vbich
are carried along by the gas stream. Moreover, the gas flows through a
system of electrodes which is cobined with an electric source of electro-
motive source and an electric field is produced which is oriented across
the direction of the streaming of the gas streaming- and a deflection of

the particles, ihich are carried along and which are charged electrically.
likewise transerse to the streaming gas is produced. The deflected

particles hich are consequently put in notion at the electrodes are ep-
arated there and remain adhering. Thus# such a low potential (voltageT
exists in the syste of electrodes that with certainty neither a luminous

current discharge nor the appearance of sparks occurs.

Electrostatic dust arresters are know in which such a hi& electric

ft. field intensity prevails between the arresting electrodes that an electric

luminous current discharge impinger upon the electrodes and therefore an
ionization of the gas molecules which are streaming through the separator

is produced, and an ionization stream arises between the electrodes hich

for its part causes the charging of the particles which are carried along

by the stream of gas. The charged particles are put in motion then under

the effect of the electric field from the electrodes and are separated

there. That kind of electric separator, however, has the basic (syste-

matic?) disadvantage that very high electric potentials are necessary and

the luminous current discharge leads to the production of ozone and other

undesirable gases. On this basis such separators are not suited for the

air purification in air conditioning plants and could not be employed

because of the danger of explosion with inflammable powder (dust?) mixtures.

Another knom a paratus method of electrostatic separation possesses

a special chamber for ionisation of the gas molecules for the purpose of
charging the particles which are carried along by the gas stream and a

second chamber for separating them in an electrode system. Ionization of

the gas, however$ is also produced by an electric luminous current dim-
charge which is produced in the immediate environment of a thin wire elect-

rode. In the short duration, during which the gas stream in subjected to

the luminous current discharge, a reduction of the osone production should

be obtained, and the fbartIon of the other unfavorable gases be avoided

by the purificaton of the air Current. iweve1, the osone production is
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sufficiently great to exclude the use of such an air purifier in air circu-
lation air conditioning plants without supplies of fresh air. The corro-
sive gases vhich are produced also are annoying in many industrial uses of
such a separator, and the danger of explosion is in :o m decreased by
the desacribed eonstruction.

On the other hand, in the separator accordink to the in-ention under
consideration, the necessary ionization of the gas molecules is not pro-
duced by an electrio luptinous current dise*arge but by the use of a
radioactive radiation of the gas stream. The potential obtained at the
electrodes of actual separation eystem in so small that luminous or spark
appearances are absolutely avoided so that also the use in the case of
explodable powder or vapor mixtures of the respective Cases is allowable.
I%# foroation of ozons or other annoying &ases is avoided so that the
separator according to the invention under consideration can also be em-
ployed in air conditioniag plants without the disadvantage of purification
of the oirculating air and without supplies of fresh air.

The ionization of the gas molecules by radioactive sources of radi-
ation is produced, is dependent on the radiation of positive Alpha and
negative Beta particles# ihereas the Gama photons vhich are radiated from
any substanoes are less active. The Alpha as well as the Beta particles
produce by impulse any positive gas ions in great nubers, whereas theOelectrons which become free In the presence of the ipulse ionization
produce on the other hand, a mall quantity of negative gas ions. The
gas ions produce for their part, dae to the eonsta;A heat transfer, a
charging of the partiolas susp~ended in the gas stream. The kinetic energy
of the particles emitted by the radioactive substance is so large that the
pot4atials employed in 1he system of electrodes do, not influence their
paths independent of the polarity of the particle..

In figures 1 to 6 are indicate, for example,, esigns of separators
with a radioactive ioniuator.

Figure 1 shows the principle of a separar in a cylindrical
typo of struotwe.

Figure 2 eihibits, for example, a florm o design for the formation
of radioactive sources of radiation.

Figure 3 indicates the construction of the separator in a cy-
or l nrical tye of structure with flushing, high t4nsion apparatus and auto-

matLeally controlled valves,
Figure 4 shows a ferm of design in a box-shaped structure.

Moe, br G apU., shows the type 4f desi n of a separator
with separate frame shaped lenisators and a plat shaped system of

sepaatorelecrode
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Figure 6 tows, for examplep the desiji of a separator with a
radioactive counter-current onizator,

The principle of one separator with a radioactive ionizator is show
in Fi. I in a cylindrical structure. In order to purify the gas at
rear fl) of solid and fluid particles which are carried alone strean
through a metal tube (2) in which a metal rod i3 arranod concentrically
in ouch a may that the metal tube 2 and the ntal rod 3 are electricaly
rotated from each other and from a pair of electrodes vbich are connected
with the voltage source h. The metal tuba 2 supports ho r tly behind its
intake port on the inside a relatively snall, rinZ shaped plating 5 of
radioactive ateral ihich eits predominately Alpha particles. The Alpha
particles uhich are radiated from the radioactive plate 5 concentrically
In the direction of the Inmer electrode produce the desired stron- ion±-
sation of thm gas molecules which are found at times in the radiated cross-
sectional place@ and instead fam predominately positive gas ions. The
6iter electrode 2 h1ch is 9pposite the inner electrode 3 and *ich is
negative due to the battery 4 exerts an attractive effect on thes3e posi-
tively charged gas ions so that a stream of ions recults in the diroction
of the outer electrode. This stream of ions does not flow only in the
cross sectional plane which is radioactivel7 radiated but also reaches
the entire cylindrical sYstem of electrodes as far as these are carried
along by the cas stream. A stream of ions of this kind across theO streamin& direction of the gases produces, however, accordin- to experiencet
a positive charging of the soli and liquid particles which are carried
along by the gas stream, practically without regard to their size and
diameter. The partiles wi ch are thus positively charged underZo, alongthe entire cylindrical electrode stea oving to the ne~jative potential of
the outer againat the inner electrode, a deviating force across the direc-
tion of streaming of the gases and travel to the outer electrode, on whose
inner wall they become precipitated and adhere. With suitable amounts of
streaming velocity, Alpha-intensity, width of the radioactive platin- and
len4 th of the sYt em Of electrodes, a separation of practically all or the
solid and fluid particles which arv carried along by the Cas stream, results.
Thue, the potential at the electrodes and the strength of the electric field
in the imediate region of the inner electrode which are obtainedair suf-

ficientlY mnall that it is certain that #park and luminous current dischargeare in order.

For the desired perfbrmance of the radioactive ionization as a means
for the electric ohargiAg of the solid and lirzd particles which arv
carried along by the gas streamt it is not necessary that an electric field
prevail at the same time In the cros sectional plane hich is radioaotively
radiated. On the eontrary, without Impairment of the effect in the electrode
35stem of Fla. 1, the rod shaped inner electrode can be shortened so much
that the gas streau after its entrance into the outer tube, first of all
treas through the close section plane which Is radioacti"v1J radiated end

enters after that, the field whieh prevaile between the outer and inner

0e
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electrodes. In this case the gas molecules become radioactively ionized in
the radiated space and produce for their om part, without which an ioni-
zation stream is formed, the same electric charging of the solid and fluid
particles, which are carried along by the gas stream, by awns of the im-
pact on account of the constant heat transfer of the gas ions and the
relatively sell "free path lengths".

Bowever, since the range of transmission of the Alpha-particles *idi
are especially important for the ionization is rather 1liM.ted in a gai and
amoumts to only a few centimeters, the relationship of the diaieter of the
metal tube (2) and the inner electrode (3) is so chosen that the open
radial distance between the two electrodes in not greater than the maximum
range of tranamieion of the emitted Alpha particles.

The radioactive plating on the inner side of the outer electrode of
Fig. 1 which is decidingly imprtant for the function of the separator, is
in an exemplary design in Fig, 2 in top view and cross-section, in which
design the sam kind of radioactive sources of radiation already known for
other purposes are used. From a band-shaped metallic lining (1) in the
freer portion, the radioactive substance 2 is introduced by means of an
eleotrol3io separation or another ean, *aereby laterally a non active
margin remins exposed. The active section by means of a thin metal foil
3, for eample of golds is uncovered which is plated on is electrolyticallyO in~rodueed and the latter is combined with the metallic lining, so that the
radioactive section is closed completely gas tight. The covering foil 3
is made so thin that on the one hand only a small part of the desired Alpha
radiation is absaorbed,# but on tUe other hand the emergence of te radon
gases which arise in the radioactive disintegration is avoided with cer-

The metal band shown schematically in Fig. 2, with a radioactive filler
deposits is attached i the case of the cylindrical separator according to
Fig. 1 thus to the inner wall of the outer electrode so that the active
surface is directed with the thin covering foil according to the inner space
of the oy2ladrical electrode system. Thereby no further barrier cf the free
radiation of the Alpha-parztcles is place in the way, and at the sane time
the backward emergence of the radioac tivhtadioactive radiation through the
outer electrode is additionsly lessened. he use of an intensive radium
preparation a further shielding by means of a lead ring is necessary, which
in placed about the outside of the eleotrode (2).

The equal performance of the radioactive ionizators in the principle
arrangment according to Fig. 1 Is obtained if the ring-shaped covering ( )
of the radioactive substance is not placed on the inside of te outer

* electrode (2) but on the outside of the Inner electrode (3). In the latter
case the active side of the covering must naturally be directed outiard for
the purpose of radioactive radiation of the inner space of the concentric
electrode arrangmenp and moreover approximtely the equal number of gas
ions ast be produced per unit space in the cross section which is radio-
aetively radiated as In the arrangement of the radioactive lining vhich is

I
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ahown in FLg. 1.

Figure 3 shoa an exemplary construction of a separator with a
radioactive ionizator in a cylindrical type of apparatus. The air stream
to be purified enters at 1 in the apparatus and is fed over the bend of
the tube (2) of the electrode systems. This consists of the cylindrical
outer electrode(), which in seen in section, which is electrically insu-
ln+t"4 v.44" 4- lan using (4 and 5) from Ue construction above it
as well as the tube shaped inner electrode (6) which is arraned consec-
utively. The inside of the bend of the tube (2) bears a ring 7 which in-
cludes the radioactive substance and erradiates the predor inately Alpha-
particles. The gas stream which passes out from the lower end of theelectrode system is turned around in a ring shaped housing 8 and leaves
the apparatus at(. The insulated and suspended outer electrode 3 is con-
nected to the negative pole 10 of the high tension source 11 whose positive
pole is ftstened to the inner electrode 6 and therefore to the housing of
the aparitus. The particles wich leave the &as stream, which are deposited
on the inner sides of the outer electrode in the operation of the separator,
form a layer which must be removed from time to time. Uoreover, a liquidrinsing is provided for and the inner electrode vhich is built tube shaped
and provided with a perforation 13# through vhich the rinse fluid enters in
the enclosure and is sprayed against the inner side of the outer electrode
) as soon as the valve-lS)is opened by its electric starter(l. rDr rinse
is collecting in the funnel 17 and leaves the apparatus at exit 18, when
the valve (19) is opened by its electric starter(31. An operating mechanism

* (21) comes together with the high tension apparatus mhich ranks in such a
way that in the starter of the inflow valve (5) the source of high tension
(11) will be disconnected and at the same time the exist valve will be
opened. A time delay in the operating mechanisam makes it possible that
after the closing of the entrance 'alve (1%) only after the expiration of
a previously determined drying time the exit valve (19) likewise autorat-
ically closes and the high tension apparatus (11) again will be switched on.

In the exemplary design of the separator in the concentric !ind of
apparatus in Fig. 3, the radial distance between the outer electrode (3)
and the inner electrode (6) is made larger than the maximal trans-idision
range of the Alpha particles which are eitted by the radioactive plating
(7) into the gas to be puified, so that the radioactive platinc (7) is
no longer placed in the bend of the tube but instead on the inner rile of
the electrode (3) Immediately behind the insulation rinr (4). Thus, the

Scroas section of the tube which is radioactively rAdiated is found in the
region of the electric field between the electrodes (3) and (6) so that a
strem of ions arises which an electric charjina of the solid ard liuid
particles which are carried along in the gas stroan, is also produced in
such regions of the tube's cross sectton which would no longer be attained by
the radioactive Alpha emission itself.

In the design which is shown again in Fig. 3, the separator with the
radioactive Ioni ato' Is suited for the purification of sa1 volume of
air or gas, from wteh the solid and liquid ISpurities should be separated
for uhl h as a ri flag 3'i14 wan water Is used. 1ith the parallel
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operation of a large number of such separators a larger gas volua could also
be purified. Above that the cylindrical separator in this tpe of construc-
tion can however serve with success also for the recovery of valuable sub-
stances, which are carried away by the gas or air stroam in the form of
power or mist. In these cases at times the passing solvent are used as
rinse fluids in order to separate the separator useful material fro:i the
undesirable impurities. If necessary fbr such purposes the a partus aay be
pertlT or completely made from metals or materials which are not chemically
attached by the gases to be purified as the substances to be separated.

For the .oparation of solid and flu particles from combustible end
explodable gases the design of a concentri.c separator exerplified in Fig. 3
can be used by hermeticmaly insulating the metal electrodes (3) and (6).
For this, as an outer electrode (3) a tube of insulating aatorial, for
examples, porcelain, glass of an artifical substance, is rnployed which
bears a metallic plating on its outer side vhich is connected to the terminal
(10). Likewise a tube of insulatinG material provided with perforations is
used as an Inner electrode ihioh has on its inner side a metallic metal lining
hich is connected with the terminal (12) and the upp3r housing. The electric
field which arises between the metal lining of both electrode penetrated
through the actual insulation sections of the inter apace between the inner
and uter electrode througihich the 6as in streaming, so that the separation
proceris i not affected. Probably, however, a direct aiort circuit betweenOthe electrodes to prevented by the accumulation of aatorial or coarse im-
purities in the gas strean. With suffidantly small field streng-the in spite
of the adequate separator operation, all spark or luminous current appearances
are avoided. In the case of this exmplary development of the separator with
the radioactive ionizator, the latter is also suited for separation of me-
tallic powders.

In oencentric separators with a radioactive ionizator for larger gas
volumes, a greater nmber of metal tubes, at times about the equal viotunt,
with a larger diareter are avrmnged concentrically and insulation from each
other and every second tube is connected with the positive pie, the upper
tube with the negative pole of a high voltage source. The radioactive
ionizator in this case, Is placed in one cross-sectional place vhich lie in
front of the entire system of concentric tubes or also it is distributed
s that in each single irregular-shaped cell of the separator which are
arranged concentrically in each other a cross-sectional plane impervious
to the actual entrance of gas is radioactively radiated.

A f rther examplary separator design with a radioactive ionizator is
Ovan in Fg. 4 in a box shaped tye of structure. A metal housing (1)
servo " the outer electrode and bears on its inner side close behind
the entrance planes a radioactive lining (2) in the form of a =all band
vhih emits the predamitely Alpha-particles in the direction of the inner
electrode (3). This Imer electrode (3) co aists of . metal plate# which
are lulated fro Me aster electrode. Between the outer and Inner eletrodes

0i
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there exists a potential, ihich produces a sufficiently large field etrength
in the electrode inner space in order to deflect the charge of particles
%ith an adequate acceleration laterally from the gas stream, but which on
the other hand how ever, with sufficiently certainty still produces no kind
of lainous or spark discharge.

L, tl'e case of the separator d-esBt±i in the box shapnd type of structure
shomn in Fig. 4, the radioactive lining can be pl>:e equally as well on
the outer side of the inner electrode provded that the intensity of the
radioactive substance which is used is sufficiently larIn. In this case
there ic then the advantage that only a slight linear exprnsion of the
radioactive lining is necessary, and at the same time a certain minimal
distance of the source of radiation from the housing waI it guaranteed
which ewntaally lightens the necessary shielding measures.

Also in a design like Fig. I the radioactive cross-section plane of
the electric field in the separator can be arranged, for exsile by aort-
enwA& the inner electrode (3), so that the interval of the outer wall of
the sin-le box-shaped end of the separator (1) can still be rot largar than
the doubled maximal transmission range of the Alpha-eniaton of tht lining
(2) in the gas which is to be purified. On the olior hand the radioac-
tively radiated cross-section plane is placed inside of the electric field
of the separator. Thus, this restriction does not hold since L that case
an ion stroax arises in the oroas-section plane in question which produces
a char.ing of the solid and fluid particles which are carried alon' in the
&as strea, also in the region of the cross section plane, which lays out-
side of ti maxivtal transmission range of the radioactive Alpha particles.

The ionisator which works by means of a radioactive radiation and the
electrostatic separator itself, could also be used Pepartely in the box
shaped type of apparatus as is shown in principls in an exe~plcry dosi.n
in Fig. 5. The -as stream which enters at (1) is conducted t'Vrouh a
structure (2) which has on its inner side ('j) a rcdicactive lIrWn. with
predominately Alpha-mission and possesses wuch dimenolons that in spite
of the restricted transmission ran&e of the Alpha partioles, the entire
inner crou eeotion plane of the structure posasnfsec no unradlated rogion.
The ionization of the gas molecules in the plane of the structure causes
the electric charging of the solid and fluid particles which are carried
along by the gas stream, which then enter the electrode sytea of the
electrostatic eperator alon with the -- s strc.m, The latter consits
altemately of metal plates (4) with a positive potential and metal plates

(5)with a negative potential. In the case of the flow of the Inter s, -CO
of the plates, the carged articles undergo an attraction directed across
the ;as streazing by the plates viich are oppositely charged :Ln turn, and
are moved to these plates and are deposited on the wurfacer of the electrodes
where they adhere. The electrical field etrnth In the 0.4ctrode sytea of
the swearator is ae only so large that no luminous or soar dischrge occurs.

Also with a box-shaped type of construction of the separator with a
S radioactive onisator as Is ohmn for example In Fi. 4 end 5, in tha case of

Jill I I I __ _ _ _ _ _ _



use for the separatlon of solid and fluid particloe iiz* ard t.il,.vcs

infla-v.able or are carried along by explod.abl. gases, the .zrt.llic sitrf'ac
of all eectrodes will be hermtically enclosod with . trhIl.

With the deesgns of somsratora with radioactive ionizawors -,i1ci are
shown for exerle in Fig. I to 5, at timea for s8iplicit.U ozil:-- hil' b.O
radiortlve anbstance is shown in the form of iall itr~a%:k or .
correspondtn to the factory Tocess shown In Fit. 2. he . o"
op .rnt ion of the ridainctive ionrivtors is hoimver, in no way cii.c: cd if
the radioective sthetnce is not uaed in the form of that kind or b'a:.d, tut
for ex.a-ple are jntroi,)ced ir a width which corresponds dir t y to
electrolytic or other procens of the electrces in qu'!tslor.. L t .uz ce
entirely assired that theradioactive sections mzintain a proto.i:-c 1-yr
which is gas ti~t but permeable for Alpha-articles in order to av,.d the
"pmductior of radon gas. Also the distribution of the radloaicti.,e ,unb-
stance along the entire expanse of the electrode in queation i z.zible.

With the previsly krown electrostatic separators, in itic.1 C.
separate glow-discharge onizator is connected to the actual sVar.ti-n
cel , the gas streav flows through the active r2a-sectloa -lanc of t.:e
lonisator in the very short time of about 20 m lliaeconds. Thus, the con-
cetration at which osone is formed in the region of the Slow is seLlom
possible. However, through this short d4ration in thich the -as stx-r.= is
in the region of the ioniustor# on te other hbnd ' ."o desired c~i: of0a possibly lorger nuber of the solid and fluid particles ".bich arc o;a:ried
alonC by the gas stream will probably be prodl-ced only if 4. stron. b.u~ious
current discharge and a very hii potential is prc ant. .itl& -..- ioactive
tonizator thes* disadvantages are not present so that a pos3io.1 lo:,Szr
duration of the gas 3trea in the actual region of the lonizawr is z:tfected.
As thi, duration in made larger to such the loss Is the necosary A",ha
intensity of the radioactiv lining, and reepectively so the valocity can be
so sucdh the higher.

One, exemplary desigs of a sqarator with a rrdioaotive iorizator is
shm In principle in Fig. 6. The gas stre enters t.he np.pratuo at (I),
strees through the radioactive ieniaztor consists of t:;a !lect:rae (2) andthe oppositm electrode (3) with the radioactive lining (h) an a ,tzrs the

separatinn chambers itch are bjlt frc2 te positive plates C3) x:," 1.4e
neentiw plates (6). The radioactive ionixator is hereby hbaed cn t:IO
eounter-etream principle t.erby the poteitial which eAts t,,atweoa tie
electrodes (2) and (3) on the basis of the ioni"tion proJ~uccd by t.i
radioactive aussion generates an ion strea& *ioh proceeds c3%,a;ter t tte
gas steaang. ThrouO the effect of the oaunte itreaa and the long duration
of the ga stream in t actual region of the Lonlaator a really hij r grade

* separation process ts obta~ned.

0!
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Claim of thc Patent

Apparatus ror the electrostatc ceparation of tho :,,lid and fluld
particles from a ccnuas Zas atrea., is t.-M3 ah,r ctur/zc. . Ziao Z a

stream to be parifited is place in a radioactive source of rzdittion wiich
for its part causes an electric chargirW of the solid and fluid P-ticleu
%hco are carried alo-Z by the ,aG strea. Ino gas to bc purified
strca=s throu.-h an eictrode s'stc= r.ic. I- cor.ected to a volt~s sotorce
&nd an electric field Is stt up acro~a the strta&. -s riahrcy t, electri-
cally charged solid anr fluid prticlc ur.nderp a devlat.on acroso tho

xuat -r g ,as. The articles travel to the elcatrodou a.! are e.epositod
on their avx aceo. The field otrenth Li the clcctredo syston is -uf-
flxesatly suall that all glow or spark dischae-o in avided.

Subelaims

1. The apparatus is characterized by havin; "he radioactiva
radiation sa-ce on the irmar aide of the electrode ayntca of the sepa-
rator and thus the volume -netratLon by the electric ALold is at least
partially radioactively U.ated.

2. The apparatus is charectorized in that the radioaotive source of
radiation in question, ihich is usod for ionization or the vzs .ol.culis
i hii for the pWrpoose electrically ching of the solid and rluid particles0carried aloaq by the gas stream, saits -ed,-inatily Alp.ia particles.
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